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Cutting More than Metal: How New 

Technology and Flexible Engineering Can 
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Stan Rhodes 
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Management Office 

New technology is changing the way we do business at NASA.  Enabled by a culture 

embracing innovation and flexibility that has a higher tolerance to risk, technology is 

impacting the entire product life cycle, from design and analysis, through production, 

verification, logistics and operations.  New fabrication techniques such as additive 

manufacturing, verification techniques, integrated analysis, and models that follow the 

hardware from initial concept through operation are having an impact on the time and 

cost of building space hardware.  Evolved Systems Engineering processes and policy at 

NASA are inherently more flexible than they have been in the past, enabling the 

implementation of new techniques and approaches. 
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Agenda 

• Evolving technology in the areas of design, analysis, 
production, verification, logistics, and operations 

• Evolution of technology 

• New technology is changing the design process 

• Specific examples: Additive Manufacturing, Structured Light Scanning 

• Program/Project lifecycle – Evolving the Program 

Management and Systems Engineering processes 

• Change in culture, communications, and product focus 

• Enable flexibility to accommodate new techniques and approaches, improving 

affordability 
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Introduction 

• Technology is evolving and changing the way we do business 

• Staying on top of technology, developing new technology, and pushing 

its limits is essential to achieving our main objectives 

• NASA Missions 

• SLS: Safety, Affordability, and Sustainability 

• NASA culture influences technology infusion 

• How do we take advantage of and develop new technologies to become 

more efficient and build better products at a lower cost? 

• Bring technologies to a readiness level that is safe for operation on NASA systems 

• Maintain rigor in testing and acceptance to ensure quality 

• Transition new technology 
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Introduction 

• How can we enable programs/projects to traverse the lifecycle in a 

flexible, affordable and repeatable way? 

 

 

 

 

• Dealing with emerging technologies and methods 

• Encouraging culture change & understanding the 

workforce 

• Measuring design progress and success 

• Balancing rigidity with creativity 

• Responsive to broad portfolio of activities 
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NASA Before PowerPoint 

The physics are the same. How we communicate has changed. 7 



Technologies Vary Depending on System 

• The way we use new technology varies based on size, complexity, allowable risk, 
cost, schedule, etc. 

 

• 3D models are now following the hardware from “Art to Part” 
 

• Large Scale Hardware (Boost and Stage Engines, Stages, Vehicles) 

• More integrated design 

• We are better prepared for the hardware once we receive it 

• Better fabrication techniques 

 

• Small Scale Hardware (components) 

• Prototypes  

• Analysis and test can be performed in parallel 

• Test multiple designs  

• Proceed beyond development at significantly lower risk 
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Key Enabler is NASA Culture 

• Impact of new technology is enabled by a culture embracing innovation 

and flexibility that has a higher tolerance to risk 

• Testing to learn versus testing to pass 

• Getting past fears of the unknown 

One test is worth a thousand expert opinions – Wernher von Braun 

Phase F 
Pre-

Phase A 
Phase A Phase B Phase C Phase D Phase E 

SRR SDR PDR CDR/PRR 
FR

R 
DR 

Approval 

We Are Here We Need to be Here 
DESIGN OPERATE DEVELOP 
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Past Present Future What is changing? 

Design Design is becoming more integrated with 

manufacturing, shortening the product  life cycle 

and reducing overall cost. Minimizes re-design, 

re-work. 

Analysis Computers are getting faster, memory is getting 

cheaper, leading to higher resolution analytical 

models. Analytical models are becoming more 

fully integrated. 

Producibility, 

Modeling and 

Simulations 

The transition from paper drawings to 3D design 

models and associated modeling and 

simulations have enabled advanced producibility 

analysis with great savings. We are also working 

towards using annotated models in place of 

drawings. 

Manufacturing Transitioning from manual processes to full 

automation, CNC milling, additive processes. 

 

Inspection and 

Test 

Transitioning from discrete measurements to 

structured light scanning,  more full inspection 

coverage and the ability to compare “as built” 

directly to “as designed” models, reducing 

inspection time and increasing fidelity. 

Logistics and 

Operations 

 

Using 3D virtual simulations in addition to 

drawings to reduce cost and schedule by 

evaluating interfaces during the initial design 

phase. Simulations can significantly increase 

efficiency and preparedness for operations. 

 

Labelçç ActualX ActualY ActualZ I J K 

C_DEVICEPOS001             

M_PLANE001 0.3453 -0.0139 0 0 0 -1 

M_CIRCLE001_I 0 0 0 0 0 -1 

M_LINE001 5.6373 0.7553 0       

C_COORDSYS001 0 0 0 0 0 1 

C_ALIGNMENT001             
M_POINT001 53.7429 37.9456 6.738 0 0 0 

M_POINT002 65.2972 -6.3056 6.5745 0 0 0 

M_POINT003 61.493 -11.345 -18.992 0 0 0 

M_POINT004 -53.105 -38.714 6.5737 0 0 0 

M_POINT005 -64.651 7.4137 6.4737 0 0 0 

M_POINT006 45.5545 -7.5359 73.7245 0 0 0 

M_POINT007 48.788 -9.274 94.8781 0 0 0 

M_POINT008 47.4436 -15.478 120.66 0 0 0 

C_DEVICEPOS002             

M_POINT009 -27.913 34.1752 73.1477 0 0 0 

M_POINT010 -29.465 35.413 96.2339 0 0 0 

M_POINT011 -32.774 37.0945 120.437 0 0 0 

C_DEVICEPOS003             
M_POINT012 -30.539 -32.851 73.3956 0 0 0 

M_POINT013 -30.42 -36.051 96.2743 0 0 0 

More Automation 
3D models are carried 

through all phases of the 

product life cycle. 
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Typical Design Process 

Evolved Design Process, Enabled by New Technologies 

ATP Requirements  

ATP Requirements  

Fly Verify/Certify 

Verify/Certify Fly 

Higher fidelity development 

Analysis 

Design 
Manufacture Test 

Integrated Analysis 

Prototype Fabrication  

Early Prototype Testing 

Early verification of 

producibility 

Design 
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• What is Additive Manufacturing? 

• Additive manufacturing  is used to build a part from the ground level up, typically 

starting with powder metal 

• Powder metal laser sintering (SLM), electron beam melting (EBM) 

• Laser deposition  

• “3D Printing” plastics, Stereolithography 

• Made in Space 

 

 

 

 

Additive Manufacturing 
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• What is Additive Manufacturing? 

• Differs from “traditional” machining 

• Subtractive machining: Cutting, milling, drilling 

• Joining: welding, brazing, fastening 

• Forming: melting, pouring castings 

• Significantly less “scrap”  

• In many cases, “traditional” methods are used in addition to additive 

 

Additive Manufacturing 
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• How do we fly SLM components? 

• Build and test components 

• Mechanical testing on samples 

• In-process verification 

• Digital records 

• Quality control and Inspections 

• To qualify the process, let’s start with qualifying specific parts 

 

 

 

 

Additive Manufacturing 

• Consider: 

• Environment (fluid, pressure, temp) 

• Material 

• Criticality 

• Size 

• Function 
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• Why Additive Manufacturing? 

• Key to Sustainable & Affordable Propulsion  

• Can significantly reduce cost and time to manufacture when applied effectively 

 

Part Cost Savings Time Savings 

J-2X Gas Generator 

Duct 

70% 50% 

F-1 Torque Adapter N/A 70% 

Pogo Z-Baffle 64% 75% 

Custom Wrenches N/A 70% 

Turbopump Volute 87% 75% 

Turbopump Inducer 50% 80% 

Examples: 

Additive Manufacturing 
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RS-25 Flex 

Joint 

Heritage 

Design 

SLM 

Design 

Part Count 45 17 

# Welds 70+ 26 

Machining 

Operations 

~147 ~57 

• Additive Manufacturing can be used to fabricate heritage parts. 

• Some small modifications may be required, but no change to “fit, form, or 

function.” 
• Goal: reduce part count, welds, machining operations  reduce $ and time 

Additive Manufacturing – Heritage Parts 

Pogo Z-Baffle 

RS-25 Flex Joint J-2X Gas Generator Duct 

Part Cost Savings Time Savings 

J-2X Gas Generator 

Duct 

70% 50% 

Pogo Z-Baffle 64% 75% 
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• Fabricate new parts and tooling 

• “Art to Part” in hours 

• Design freedom and flexibility 

• Design for function 

Additive Manufacturing – New Parts 

Part Cost Savings Time Savings 

F-1 Torque Adapter N/A 70% 

Custom Wrenches N/A 70% 

Turbopump Inducer 50% 80% 

Imagine the possibilities! 

Custom Tooling 

Valve Housing Turbopump Inducer 

Custom 

Instrumentation 



Digital 

Camera 

Digital 

Camera 

Projector 

Component 

Targets 

Fringe 

Pattern 

Projected 

 2. Structured light (fringe) 

pattern projected onto the 

component that “shifts” 
rapidly 

3. Two digital cameras take a series of 

simultaneous images 

4. Series of simultaneous images and scans are processed in the software, and based on triangulation 

methods, the software will calculate 3D coordinates of the part and create a continuous contour 

1. Targets are placed on 

the hardware 

Digital Photo Scan Data 

Structured Light Scanning 
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Structured Light Scanning 

• Why do we scan? 

• Improve Process Development 

• Digital assembly reduces cost and schedule 

• Compare small changes in hardware not previously possible (test-to-test and before 

and after processes) 

• Refine Performance predictions 

• Reverse Engineering 

• Subtle details 

19 



20 

60

75

44

16

1.5

121

82

4.3

16

7

30

7
2 0.4

19 16

1.3 1.5

J-2X Stub 

2

J-2X 

Nozzle 
10003

RS-68 

Crossover

Stealth 

Coating 
Aplication

CMM 

Sphere

Plastic -

Air Box

Plastic -

Intake 
Manifold

BMW - Car 

Door 
(Prod)

Phone 

Shell - First 
Article

Traditional

Structured Light

H
O

U
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S
 NASA 

Structured Light Scanning 

Industry 

Better understanding of what we actually have 



Program/Project Lifecycle 

The integrated lifecycle review 

expectations are unchanged
  

• Success criteria/milestones 

• Products demonstrate progress 

• Metrics & reviews measure success 

Life Cycle Reviews 

What is changing 

 
• Time & Resource Expectations 

• Types of Programs/projects 

• How we demonstrate success 

Integrator Life Cycle Reviews HW/SW Provider Life Cycle Review Lower Level Reviews

Integrated Life Cycle

NASA Life Cycle Phases

Integrator Life Cycle Gates

Agency Review

Integrator Life Cycle 
Reviews

HW/SW Provide Life Cycle 
Gates

HW/SW Provider Life Cycle 
Reviews

Lower Level Reviews

Approval for Formulation Approval for Implementation

KDP 0 KDP I KDP II KDP III KDP n

FAD Draft PCA PCA

Draft Program
Plan Program Plan

ASM

SRR SDR/MDR PDR
CDR/
PRR SIR ORR FRRPLAR CERR PFAR DR DRR

KDP A KDP B KDP C KDP D

KDP E
Launch

KDP F 
End of Mission

FAD/FA

Draft Project
Req.

MCR SRR
SDR
MDR PDR

CDR/
PRR SIR ORR FRR PLAR CERR PFAR DR DRR

SRR
SDR
MDR PDR

CDR/
PRR SIR ORR FRR PLAR CERR PFAR DR DRR
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The Beginning 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 
 

 

 

 

 

 

• Sea of policy, requirements and how-to 

• One-sized 

• Paper/document driven  

• Rigid, blind compliance, minimize risk 
 

Process Focus, do it as it is written! 22 

Rigidity 

Order 

Control 

Flexibility 

Creativity 

Responsibility 



Evolving how we do PM & SE 

• Streamline – “One-Stop Shop” 

• Promote thinking around circumstances 

• Data Driven, document independent 

• Flexible 
 

Focus on the product, 

customize the process. 
23 
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Enablers:  Find Your Project 

• Projects stratified for MSFC portfolio (ranging from SLS to small activities) 

• Find a starting place based on your Project type (size, priority, risk, cost…) 
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Enablers:  Customize & Communicate 

• Compare across the lifecycle, choose best fit 

• Identify customization opportunities 

• Communicate approach in a common way 
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Enablers:  Reviews and Data 

• Complete lifecycle perspective 

• Approach products and design needs from a success perspective 

• Understand requirements, best practices and data needs 
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Enablers:  Support 

• Flexible Data Requirements templates 

• Guidance & Best Practices 

• Lessons Learned and Knowledge Management 
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Future State 

• Integrate & Streamline S&MA Policy 

 

 

• PM & SE Process Model 
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Rigidity 

Order 

Control 

Flexibility 

Creativity 
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• Product Data Lifecycle Management, Model Based Engineering & Systems Engineering 

• Capturing & communicating design best practices 

• SE & PM development (culture, skills, training) 

 

Product 

Engineering 

Manufacturing 

Engineering 

Manufacturing 

Operations 

People 

Concept 

Engineering Processes Technology 

Requirements 
Decommissioning 

Future State 

29 Every project is an opportunity to learn! 
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Summary 

Technology is changing the way 
we do design, analysis, logistics 
and operations 

• Evolved capabilities 

• Focus on integration earlier 

• Parallel development and 
fabrication 

• Enabled by a culture that 
embraces innovation and 
flexibility 
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Phase F 
Pre-

Phase A 
Phase A Phase B Phase C Phase D Phase E 

SRR SDR PDR CDR/PRR 
FR

R 
DR 

Approval 

We Are Here We Need to be Here 

DESIGN OPERATE DEVELOP 

Focus on balancing process rigidity with 
flexibility 

• Promote thinking, not blind compliance 

• Adjust to program/project size 

• Integration & communication 

• Product not process 

 

 

 

 
 



www.nasa.gov/marshall  
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Question & Answer Session 

D:/Documents and Settings/conf900/Desktop/Local Settings/Temporary Internet Files/OLKBE/LaunchingtheFuture.wmv

